Introduction {#sec1-1}
============

With the technological advancement of information technology, developers have improved the applicability of technological devices in various contexts (Due, [@ref15]; Kim & Shin, [@ref27]; Lee *et al*., [@ref30]), including education (Knight *et al*., [@ref28]), healthcare (Signorini *et al*., [@ref49]) and sport (Choi & Kim, [@ref12]). One such advancement is the development of healthcare wearable technology, which is useful in promoting sports and physical activities and in doing so, benefiting health (Zhang *et al*., [@ref59]). Generally, healthcare wearable technology is understood as an electronic technology which is incorporated into accessories that can be worn on the users' body (Tehrani & Michael, [@ref50]), such as Google Glass, iWatch, Fitbit and Mi Band wristband, which have been applied in the healthcare and medical industries (Chan *et al*., [@ref8]; Zhang *et al*., [@ref59]). The healthcare wearable technology market is expected to more than double in the next five years (MedTech Impact of Wellness, [@ref34]), and is estimated to be worth 58.3 billion dollars by 2025 (HealthWorks Collective, [@ref19]), thus, being regarded as one of the most important technologies in the future, in terms of improving healthcare efficiency and reducing healthcare cost (Li *et al*., [@ref32]).

Combining technological attributes with health attributes, healthcare wearable technology products are useful in tracking information about the health of users in real-time (Chan *et al*., [@ref8]). For example, using wristbands, users can monitor their health conditions in real-time, including sleeping conditions, heart rate as well as distance travelled, giving the reference for users to initiate activities to improve their health by analyzing and managing their real-time data (Li *et al*., [@ref32]).

Despite these promising developments, empirical studies exploring the antecedents of healthcare wearable technology adoption is scant. Seeking to address the aforementioned gaps, the purpose of this study was to gain knowledge in this area and provide meaningful managerial implications for practitioners and wearable device developers. The remainder of this paper is organized as follows. First, we review the relevant literature to identify the research gaps. Second, we present a theoretical model underpinning association between constructs of Technology Acceptance Model (TAM) and health belief, where perceived convenience, perceived credibility, irreplaceability acts as drivers of perceived usefulness, incorporating the links between perceived health and adoption intention of healthcare wearable technology. Third, we describe the research methodology and results of data analysis. Finally, we discuss the theoretical and managerial implications, along with limitations and directions for future research.

Technology acceptance model (TAM) {#sec1-2}
=================================

Widely acknowledged as one of the most influential theoretical models in Information System discipline, the TAM was introduced by Davis ([@ref14]) to examine the antecedents of users' adoption intention of information communication technology (Legris, Ingham & Collerette, [@ref31]; Ooi & Tan, [@ref37]; Wu & Chen, 2017). The TAM model posits that perceived ease of use and perceived usefulness are influential factors in determining users' adoption intention (Davis, [@ref14]), being applied in various contexts since then such as online banking (Pikkarainen *et al*., [@ref41]), mobile commerce (Wu & Wang, 2005), healthcare (Holden & Karsh, [@ref20]; Pai & Huang, [@ref39]), sports websites (Hur, Ko & Claussen, [@ref21]), social networking sites (Choi & Chung, [@ref11]) and healthcare wearable technology (Gao, Li & Luo, [@ref17]). Although there is some criticism of the TAM (Bagozzi, [@ref4]; Benbasat & Barki, [@ref5]; Read, Robertson & McQuilken, [@ref43]), it is generally acknowledged as one of the most preferable theoretical models in explaining users' adoption intention of information technology (Chuah *et al*., [@ref13]). Therefore, we adopted TAM as one of our fundamental theories to formulate constructs in this study.

Health belief model (HBM) {#sec1-3}
=========================

The HBM explains the behavioral responses of individuals with diseases to treatment received (Champion & Skinner, [@ref7]), and is applied to guide health behavior interventions (Ross *et al*., [@ref44]). In particular, HBM posits that people's perceived susceptibility, severity, benefits and barriers are predictors of their healthrelated behavior (Zhang *et al*., 2018). Given its importance in predicting behavioral intention toward healthcare related products (Ahlan & Ahmad, [@ref1]; Gao *et al*., [@ref17]; Indu & Jagathy Raj, [@ref22]), we adopted HBM as one of our fundamental theories in this study to derive a relatively new construct, namely, perceived health belief, as a predictor of the adoption intention of healthcare wearable technology.

Theoretical framework and hypotheses development {#sec1-4}
================================================

Perceived usefulness {#sec2-1}
--------------------

Perceived usefulness refers to the degree to which an individual believes that using a particular system would enhance his or her job performance (Davis, [@ref14]), being understood as one of the most influential drivers in determining users' information technology usage intention (Chuah *et al*., [@ref13]). Arguably, when the information technology product is perceived to be beneficial, creating external rewards to users, such positive expectation in outcomes creates extrinsic motivation, which in turn strengthens intention to use a product (Kim, Chan & Gupta, [@ref26]). Similarly, when consumers believe that healthcare wearable technology is useful in enhancing their health status, their positive expectation strengthens their intention to use healthcare wearable technology, such as healthcare applications, smart glasses and smart watches (Kalantari, [@ref24]; Kim & Shin, [@ref27]; Wang *et al*., [@ref52]). Thus, aligned with prior research in the area of healthcare wearable technology, it is logical to postulate that perceived usefulness is positively linked with users' adoption intention, justifying the following hypothesis:

H1: Perceived usefulness is positively associated with adoption intention of healthcare wearable technology.

Perceived convenience {#sec2-2}
---------------------

Perceived convenience refers to consumers' perceptions of convenience toward time, place and execution that consumers feel during the process of using a product. This is measured by perceived time and efforts to be spent on a product, which is similar to "ease of use" in the TAM model (Berry *et al*., [@ref6]; Yoon & Kim, [@ref58]). Applied to a healthcare wearable technology context, consumers' perceived convenience is more positive when it can be used at any time, in any place and can use the product easily (Zhang *et al*., [@ref59]).

As expected, there are positive links between perceived convenience and perceived usefulness, where products are perceived to be more useful when they are perceived to be convenient in improving health and living, hence stimulating users' intention to use (Nasir & Yurder, [@ref36]; Yoon & Kim, [@ref58]). For example, when healthcare wearable technology can be used easily at any time and in any place, its convenience provides benefits to consumers in improving their health condition with more effective ways, being perceived to be more useful in terms of improving healthcare efficiency (Li *et al*., [@ref32]; Zhang *et al*., [@ref59]). Thus, we hypothesized:

H2: Perceived convenience is positively associated with perceived usefulness of healthcare wearable technology.

Perceived irreplaceability {#sec2-3}
--------------------------

Conceptualized as symbolic meaning, perceived irreplaceability occurs when a product has specific symbolic meaning to an individual that is not exist in other products (Schifferstein & Zwartkruis-Pelgrim, [@ref45]). Arguably, when a product is regarded as irreplaceable, consumers' continuous usage is expected because of psychological dependence (Wang *et al*., [@ref53]). In other words, consumers refuse to switch the products or services with another that holds less significance. This is reflects an enjoyment of the benefits obtained from a product and desire to retain it for as long as possible (Gong *et al*., [@ref18]). Applied to a healthcare wearable technology context, when consumers believe that healthcare wearable device is irreplaceable in their life, they have a strong product attachment. This can also lead to a strong sense of brand loyalty (Pedeliento *et al*., [@ref40]). Therefore, it is logical to propose the link between perceived irreplaceability and perceived usefulness of healthcare wearable technology, justifying the following hypothesis:

H3: Perceived irreplaceability is positively associated with perceived usefulness of healthcare wearable technology.

Perceived credibility {#sec2-4}
---------------------

Perceived credibility has inextricable relationship with trustworthiness and expertise, indicating the extent to which one believes that the information technology is reliable in finishing required tasks effectively (Ayeh, [@ref3]; Featherman, Miyazaki & Sprott, [@ref16]; Shin, Lee & Hwang, [@ref48]). Prior studies (*e.g*., Wang *et al*., [@ref54]) have integrated perceived credibility in various contexts including online banking, mobile banking (Zhou, Lu & Wang, [@ref60]) and mobile wallets (Shin, [@ref47]). These studies report that perceived credibility strengthens users' acceptance of information technology products and services (Shaw, [@ref46]; Shin, Lee & Hwang, [@ref48]; Ukpabi & Karjaluoto, [@ref51]). For the information technology industry, perceived credibility is determined by users' privacy and security concerns (Wang *et al*., [@ref54]). In particular, perceived credibility is formulated by consumers' perceived level of security and privacy, the former, refers to the protection of information from unauthorized outflows, and the latter refers to the protection of data that are collected during users' interactions with the specific information systems (Ariff *et al*., [@ref2]).

Applied to the context of healthcare wearable technology, perceived credibility is formulated by perceived privacy protection and perceived technology accuracy (Zhang *et al*., [@ref59]). Perceived privacy protection is an important consideration for healthcare wearable technology adoption because users must input their personal data about their health status to obtain valuable services. Thus, users require protection of these personalized information from unauthorized outflows (Zhang *et al*., [@ref59]).Perceived technology accuracy is also particularly important in affecting the perceived credibility of healthcare wearable technology because the accuracy of users' health data is useful in evaluating users' health status and effectiveness of sports exercises (Korenkova & Hagerfors, [@ref29]; Metzger *et al*., [@ref35]). Summing up, privacy protection formulates users' perceived technology accuracy as well as perceived credibility, which is postulated to be positively associated with perceived usefulness (Kawakami & Parry, [@ref25]). Thus, we hypothesized:

H4: Perceived credibility of healthcare wearable technology positively impact its perceived usefulness.

Health belief {#sec1-5}
=============

In the last ten years, individuals are paying more attention on healthcare, attracting developers' interest in developing technological products for the healthcare sector, which in turn has created diversified healthcare wearable technology products in the market for the general public, such as smartwatches, Fitbit Flex and Mi Band wristband (Chuah *et al*., [@ref13]). Indeed, one of the most valuable functions of these healthcare wearable technology products is the provision of users' health data, assisting users to check their health status as well as planning their exercises (Zhang *et al*., [@ref59]). Therefore, it is not surprising that empirical studies examine the links between users' health belief and their intention to use by integrating health belief in the TAM model, and thereby confirming the role of health belief in strengthening consumers' intention to use wearable technology products (Ozkan *et al*., [@ref38]; Zhang *et al*., [@ref59]). The literature presented above justifies the recognition of health belief as a relevant construct in the theoretical model in this study. Thus, we hypothesized:

H5: Health belief positively impacts the adoption intention of healthcare wearable technology.

Research methodology {#sec1-6}
====================

Development of measurement items {#sec2-5}
--------------------------------

To test the aforementioned hypotheses in the theoretical model, we used a self-administered online survey (English language) to collect data from a convenience sample of consumers in Hong Kong. We used measurement items adopted from previous studies to develop the survey questionnaire ([Table 1](#table001){ref-type="table"}), measured on a 7- point Likert scales (1 = strongly disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree or disagree, 5 = somewhat agree, 6 = agree, 7 = strongly agree).

Data collection {#sec2-6}
---------------

The survey was promoted using a convenience sampling approach by e-mail to contacts and promoted on social media in Hong Kong by the research team. Data collection took place from October 1st 2018, to January 5th 2019) a total of 14 weeks. To ensure the validity of our study, we designed several screening questions to assess the accuracy of respondent's knowledge of healthcare wearable technology. The screening questions include: "Have you ever bought a healthcare wearable technology product?", "Have you ever used wearable technology product?" and "Have you ever read product reviews about healthcare wearable technology products on website/ social media platforms/ blogs / forums?". Respondents without experience of healthcare wearable technology were excluded from the current study. After exclusion, a total of 310 consumers were invited to participate in the survey. In total, 237 completed the survey. Sixty-six participants were discarded due to incomplete responses, resulting in a final sample of 171 participants; 55.2% response rate. Respondents were over 18 years old and users of healthcare wearable technology products. The sample comprised 55% male (45% female) respondents, with ages ranging from 18 to 65 (mean = 26-30 years) and a large proportion aged between 22 and 26 (36.3%). Most respondents were university educated (50.9%), with experience in using healthcare wearable technology products and a large proportion owned more than 3 healthcare wearable technology products (49.7%).

Data analysis and results {#sec1-7}
=========================

Data analysis {#sec2-7}
-------------

In this study, we used partial least squares-structural equation modelling (PLS-SEM) for data analysis, using SmartPLS v3.28 (Ringle *et al*., 2015) with the 5,000-bootstrap procedure to assess the (1) measurement (outer) model and (2) structural (inner) model. Hypotheses are considered to be significant if *p*≤.05 or marginally accepted if *p*≤.10.

Measurement model {#sec2-8}
-----------------

For the measurement model ([Figure 1](#fig001){ref-type="fig"}), we tested the reliability of the measurement items by checking their factor loadings, Cronbach's alpha and composite reliability (CR). As presented in [Table 1](#table001){ref-type="table"}, the loadings of all items were greater than .833 and significant, whereas Cronbach's alpha and CR of all of the constructs were greater than .874, which is well above the recommended .70 thresholds, confirming the reliability of the measurement items and constructs. Additionally, as presented in [Table 2](#table002){ref-type="table"}, we tested the convergent validity of the model by using Average Variance Extracted (AVE), as all of the AVE values are larger than the recommended value of 0.5, the convergent validity was confirmed. Lastly, the discriminant validity was tested by using Fornell & Larcker (1981) criterion, with the AVE square roots larger than the corresponding correlations (Hair *et al*., 2014).

Structural model {#sec2-9}
----------------

We used SmartPLS v3.28 (Ringle *et al*., 2015) with the 5,000- bootstrap procedure to test the hypotheses in our research model. The results of the structural model are presented in [Figure 2](#fig002){ref-type="fig"}. The hypotheses were tested by examining the *t*-values, *p* values, standardized coefficient beta values and coefficient of determination (R^2^ value). A hypothesis was accepted when the *t*-value was larger than critical value (*i.e*. *t* ≥ 1.96, *p* ≤ .05), using a two-tailed test.

As presented in [Figure 2](#fig002){ref-type="fig"}, the results support three of the five hypotheses, whereas the remaining two hypotheses are marginally accepted. Regarding the antecedents of perceived usefulness, the impact of perceived irreplaceability on perceived usefulness was the strongest (β=.437, *p*\<.001), followed by perceived convenience (β=.205, *p*\<.05), supporting H2 and H3. Additionally, the impact of perceived credibility on perceived usefulness is strong and marginally significant (β=.227, *p*\<.10). Thus, H4 was marginally accepted. Regarding the antecedents of adoption intention, the impact of perceived usefulness on adoption intention was strong and significant (β=.728, *p*\<.001), supporting H1. Finally, the impact of health belief on adoption intention was marginally significant (β=.126, *p*\<.10). Therefore, H5 was marginally supported.

We also evaluate the explanatory power of the research model by assessing the R^2^ values (see [Figure 2](#fig002){ref-type="fig"}). The R^2^ values for perceived usefulness and adoption intention are .65 and .68 respectively. This highlights that the exogenous constructs are explaining 65% and 68% amount of variation in perceived usefulness and adoption intention respectively. In short, as the R^2^ values exceed the recommended criterion benchmark (*i.e*. \>.10), the results suggest that the research model is explaining a meaningful amount of variation in the endogenous variables in line with Chin, [@ref10].

Furthermore, the results also presented the indirect effects of the exogenous variables, including perceived convenience, perceived credibility and perceived irreplaceability on adoption. In particular, the indirect effects of perceived irreplaceability (β=.318, *p*\<.001) and perceived convenience (β=.149, *p*\<.05) on adoption intention were strong and significant, whilst the indirect effects of perceived credibility (β=.165, *p*\<.10) on adoption intention was marginally significant.

![Research model.](hpr-7-1-8099-g001){#fig001}

###### 

Outer model results.

  Construct                                                                                                                               Loading   t-value   Alpha   Composite reliability
  --------------------------------------------------------------------------------------------------------------------------------------- --------- --------- ------- -----------------------
  Perceived convenience                                                                                                                                       .954    .963
      Learning to use the healthcare wearable device would be easy for me                                                                 .865      39.104            
      My interaction with the healthcare wearable device would be clear and understandable                                                .927      64.858            
      It would be easy for me to become skillful at using the healthcare wearable device                                                  .919      61.013            
      I think the healthcare wearable device is easy to carry                                                                             .882      36.827            
      I have access to the healthcare wearable device anytime                                                                             .926      82.358            
      I have access to the healthcare wearable device everywhere                                                                          .888      42.131            
  Perceived irreplaceability                                                                                                                                  .874    .922
      I think the healthcare wearable devices are superior to similar traditional devices                                                 .917      68.715            
      I think similar traditional devices, can't complete some functional tasks as the healthcare wearable devices do                     .897      40.342            
      I think there are some functional differences between the healthcare wearable devices and similar traditional devices               .865      28.221             
  Perceived credibility                                                                                                                                       .919    .943
      The data provided by the healthcare wearable device are in line with my personal health data                                        .910      65.326            
      I would find the software system of the healthcare wearable device credible                                                         .889      31.882            
      An adequate protection of my personal health information would make it more possible for me to use the healthcare wearable device   .899      39.556            
      It is more possible for me to use the healthcare wearable device if my personal health information will be protected                .888      43.89             
  Health belief                                                                                                                                               .874    .914
      I realize that bad living habits will cause harm to my health                                                                       .855      32.283            
      I perceive that bad living habits will cause harm to my health                                                                      .834      23.158            
      I hope I can change my bad habits and thus to minimize damage to health                                                             .885      37.857            
      I think I can improve my health status effectively in many ways like sports                                                         .833      25.73             
  Perceived usefulness                                                                                                                                        .925    .952
      Using the healthcare wearable device would be useful in my personal health management                                               .927      70.408            
      Using the healthcare wearable device would help me develop healthy habits                                                           .939      71.722            
      Using the healthcare wearable device would help me maintain healthy status                                                          .932      76.614            
  Adoption intention                                                                                                                                          .938    .960
      I am interested in using the healthcare wearable device                                                                             .947      111.282           
      I plan to adopt the healthcare wearable device in the future                                                                        .942      49.905            
      I will develop healthy habits with the healthcare wearable device in the future                                                     .942      82.584            

Discussion {#sec1-8}
==========

Theoretical implications {#sec2-10}
------------------------

This study contributes to the academic literature in several ways. First, to our knowledge this is one of the first study to explore on the impact of consumers' perceptions, including perceived irreplaceability, perceived convenience and perceived credibility on perceived usefulness and adoption intention of healthcare wearable technology products. Indeed, despite tremendous research undertaken in the area of the development of healthcare wearable technology, limited studies have focused on the antecedents of its adoption intention, especially for the association between health belief and adoption intention of healthcare wearable technology (Chuah *et al*., [@ref13]; Marakhimov & Joo, [@ref33]; Zhang *et al*., [@ref59]). This study has addressed this important gap by demonstrating the impact of technical attributes, including consumers' perceived irreplaceability, perceived convenience and perceived credibility in strengthening the adoption intention.

Second, this study contributes to the existing literature by demonstrating the relative importance of various technical attributes on perceived usefulness and adoption intention of healthcare wearable technology. In particular, the impact of perceived irreplaceability was the strongest, followed by perceived convenience and perceived credibility, revealing that irreplaceability, convenience and credibility should be taken into account when developing healthcare wearable technology products. Third, the results of this study revealed that consumers' perceived usefulness plays a considerable role in strengthening their adoption intention of healthcare wearable technology, confirming the findings of previous studies in similar areas (*e.g*., Chuah *et al*., [@ref13]).

Finally, this study integrated the health belief in the research model, demonstrating the role of consumers' health belief on the adoption intention of healthcare wearable technology. Particularly, the results present that consumers' health belief has marginally significant impact on adoption intention of healthcare wearable technology, revealing the importance of considering the ways of strengthening consumers' health belief when developing the marketing strategies for healthcare wearable technology.

Managerial implications {#sec2-11}
-----------------------

There are several managerial implications from the results of this study. First, for developers of healthcare wearable technology, they are recommended to consider how to improve the technical attributes, including perceived irreplaceably, perceived convenience and perceived credibility of healthcare wearable technology in their research and development process. In particular, developers should consider how to improve the technological advantages of healthcare wearable technology by upgrading their hardware and software systems to improve the perceived convenience and perceived irreplaceably (Zhang *et al*., [@ref59]). In addition, developers are also recommended to improve the software system in order to better protect the privacy of data related to users' health status, which is useful in improving the perceived credibility.

Additionally, product developers are recommended to focus on adding unique functions or favourable designs on healthcare wearable technology products in order to improve its irreplaceability. In particular, developers are recommended to upgrade the functions to enhance the uniqueness of healthcare wearable technology products, including the continuous improvement in big data analytics related to healthcare done by healthcare wearable technology (Wu *et al*., [@ref57]), merging fashion to increase its prominence (Chuah *et al*., [@ref13]) and integrating advanced medical benefits to the healthcare wearable technology (Gao *et al*., [@ref17]). The aforementioned initiatives are deemed to be effective in strengthening the perceived irreplaceability of healthcare wearable technology, which in turn strengthen its perceived usefulness and adoption intention.

Marketers should communicate the effectiveness of healthcare wearable technology in improving consumers' health, whilst addressing health concerns. This can contribute to improved user understanding of health, and potential usefulness of healthcare wearable technology.

Limitation and directions for future research {#sec2-12}
---------------------------------------------

Although this study provides meaningful findings about antecedents of consumers' adoption of healthcare wearable technology, some limitations persist, providing directions for future research. First, this study has been conducted in Hong Kong, limiting its generalizability on a global scale. Future research should replicate this study in other countries, as well as comparisons between more countries with diverse cultures and different levels of economic. Second, this study was cross-sectional, and therefore cause and effect cannot be established. Future research should consider the implementation of longitudinal studies to compare consumers' adoption intentions in different time periods. Third, despite constructs of multiple perspectives are considered in the examining of consumers' adoption intention of healthcare wearable technology, some possible factors have been omitted. For instance, online advertisements, electronic word of mouth available on the internet and the design of healthcare wearable technology products which can impact users understanding and knowledge of products and health more generally (Cheung *et al.*, [@ref9]). Thus, future research should consider integrating these possible factors in the research model to enhance its explaining power. Finally, some possible moderators have been omitted in this study such as the moderation effects of gender, usage experience, education level and income of consumers. Future research should examine the moderating effects of the aforementioned variables in the research model to enhance the explaining power of the study.

###### 

Construct correlation matrix and AVE.

                               V1     V2     V3     V4     V5     V6   AVE    Square root of AVE
  ---------------------------- ------ ------ ------ ------ ------ ---- ------ --------------------
  Perceived convenience        1                                       .813   .902
  Perceived irreplaceability   .792   1                                .798   .893
  Perceived credibility        .868   .839   1                         .804   .897
  Health belief                .553   .636   .597   1                  .726   .852
  Perceived usefulness         .748   .790   .771   .593   1           .870   .933
  Adoption intention           .943   .735   .789   .557   .802   1    .890   .943

![Results of the research model. Paths significant at + p\<.10, \* p\<.05, \*\* p\<.01, \*\*\* p\<.001.](hpr-7-1-8099-g002){#fig002}

Conclusions {#sec1-9}
===========

With the promising development of healthcare wearable technology industry, understanding of consumers' perceptions of, and adoption intention of, healthcare wearable technology products is an important step to better understand usage of healthcare wearable technology, which is meaningful in improving healthcare efficiency and reducing healthcare cost. This study sheds new light on understanding the formation of users' adoption intention in the context of healthcare wearable technology products, providing insights for developers and managers to conduct better business development strategies to strengthen users' adoption intention of healthcare wearable technology products.
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